Dental implant therapy is a highly effective treatment for recovering occlusion after tooth loss. An important factor in the success of dental implants is establishing strong osseointegration. If more epithelial cells migrate to the implantbone interface than mesenchymal stem cells, effective osseointegration may fail. Therefore, controlling epithelial cell adhesion and motility would be an effective strategy to increase the success rate of osseointegration. Laminin-332 is a major component of the basement membrane and is composed of three chains (α3, β3 and γ2). It is well-known that laminin-332 regulates cellular functions such as adhesion, proliferation, apoptosis and differentiation. These biological functions depend on changes in the structural arrangement of laminin-332 by proteolytic cleavage. It is well-known that cleavage of the α3 chain between its LG domains gives laminin-332 its biological function. In this study, we focused on LG domain cleavage and developed antibodies that target the LG domain cleavage site. We attempted to change the biological function of laminin-332 to control cell adhesion for the purpose of regulating dental implant therapy.
Introduction
Dental implant therapy is a key option for the recovery of occlusion following tooth loss [1] [2] . The success of dental implants is related to effective osseointegration [3] [4] . Strong osseointegration may be lost when epithelial cells invade the target sites earlier than mesenchymal stem cells [5] [6] . Therefore, the regulation of epithelial cells and mesenchymal stem cells could facilitate successful osseointegration in dental implant therapy.
Laminin-332 is an essential component of the basement membrane [7] [8] .
Laminin-332 influences cell behavior by interacting with cell surface receptors and regulating cell adhesion, migration, cell-cell communication, proliferation and survival [7] [8] . These biological functions of laminin-332 depend on structural changes caused by cleavages [9] [10] . Laminin-332 is composed of three chains (α3, β3 and γ2) [11] [12] . Structural changes in α3 or γ2 by cleavage are known to play an important role in these biological functions [13] [14] .
In the oral cavity, laminin-332 is also an important factor as it influences epithelial cell behavior in dental implant therapy and wound healing [15] [16] [17] .
In dental implant therapy, oral epithelial cells play a critical role as they seal the peri-implant tissues when activated by laminin-332 [18] . Moreover, inadequate invasion of epithelial cells to the implant-bone interface induces failure of osseointegration [19] .
In this study, we focused on the structural change in the α3 chain of laminin-332 by cleavage of LG domains. We attempted to suppress the biological function using monoclonal antibodies targeting the cleavage sites to influence epithelial cell adhesion. If the antibodies are able to control epithelial cell adhesion, we could develop antibody therapy to regulate successful osseointegration in dental implant therapy.
Materials and Methods

Antigen Production for Human Laminin-332
We focused on structural change in the α3 chain by cleavage of the LG3 and LG4 domains of laminin-332. When compared with mouse and chicken homolog (Figure 1 ), we synthesized a peptide containing cysteine for cleavage of the LG3 and LG4 domains of laminin-332 by targeting QLLQDTPVAS in the amino acid sequence connecting the LG3 and LG4 domains. To increase the immunogenicity, we synthesized the peptide with keyhole limpet hemocyanin (KLH) as the carrier protein.
Immunization, Hybridoma Generation and Selection for Monoclonal Antibody Production
The peptide antigen targeting the α3 chain was immunized to mice and hybridomas were generated. The animal experiments were conducted in the laboratory of Medical & Biological Laboratories Co., LTD (Nagoya, Japan). The animal experiments were followed the compliances of the animal experiment of Medical & Biological Laboratories Co., LTD. To select for monoclonal antibody production, we performed enzyme-linked immunosorbent assay (ELISA) for the peptide antigen for the α3 chain and KLH, and measured OD450 absorbance.
Cell Adhesion Assay
Human epithelial cell line 
Results
Selection of Hybridoma Clones
The hybridoma clones were bound with antigen peptides and the OD450 measurements ranged from 0.066 to 1.203 ( Figure 2 , blue bars). The carrier protein, KLH, was also strongly bound to some clones ( Figure 2 , red bars). In the criteria 
Cell Adhesion Activity
To investigate the influence of the monoclonal antibody on the cell adhesion function of epithelial cells for the α3 chain of laminin-332, we compared it with the cell adhesion function of human epithelial cells from the Cas9-22 cell line.
The monoclonal antibody significantly decreased cell adhesion for the laminin-332 α3 chain when compared with no monoclonal antibody ( Figure 3 ) in both laminin-332 doses, 1 and 10 µg/mL.
Discussion
In the present study, we developed monoclonal antibodies targeting the α3 chain of human laminin-332, which is altered by cleavage between the LG3 and LG4
domains. We succeeded in generating hybridoma clones by immunization of the mice using antigen peptide with the carrier protein, KLH. From the hybridoma clones, we selected the clone with a high affinity for the antigen peptide and a low affinity for the carrier protein, KLH. Finally, we generated a monoclonal antibody targeting the cleavage site of the LG domains in the α3 chain of human laminin-332. Moreover, we investigated whether our monoclonal antibody could regulate the adhesion function of epithelial cells.
We revealed that the monoclonal antibody targeting the α3 chain of human laminin-332 significantly decreased the adhesion function of epithelial cells.
Laminin-332 is well-known to play an important role in cell adhesion via structural changes in the α3 or γ2 chains [13] [14] . The change in the structure of the α3 chain occurs by cleavage between the LG domains from LG1 to LG5 [20] . It is known that cleavage between LG3 and LG4 is one of the most important events Strong osseointegration is crucial for successful dental implant therapy [3] [4].
Invasion of primarily epithelial cells, rather than mesenchymal stem cells, to the implant-bone interface may cause failure of osseointegration [19] . Therefore, regulating epithelial cell function would be an effective strategy to obtain successful osseointegration in dental implant therapy.
In a future study, we are planning to investigate whether mesenchymal stem cells or osteoblasts would be influenced by the monoclonal antibody for laminin-332. Laminin-332 is also detected in periosteum, not only in the basement membrane [21] . Moreover, laminin-332 affects osteoblast differentiation and calcification [22] [23] [24] . Therefore, laminin-332 plays important roles not only in epithelial cell function but also in the function of mesenchymal cells.
Conclusion
We concluded that our generated monoclonal antibody, which activates structural changes in laminin-332, has the potential to regulate epithelial cells in dental implant therapy.
